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%DVHGXSRQWKHDQDO\]HGLQIRUPDWLRQDQGGDWDJXLGHOLQHVIRU(Q06LQPXQLFLSDOLWLHVWRIDFLOLWDWHLPSOHPHQWDWLRQRIWKHV\VWHPZHUH
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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
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5LVLQJHQHUJ\FRVWVDQGSULFHYRODWLOLW\LQFRPELQDWLRQZLWKUHGXFHGHQHUJ\VXSSOLHVUHLQIRUFHVWKHULVNVDVVRFLDWHG
ZLWKHQHUJ\XVH$WWKHVDPHWLPHWKHUROHRIHQHUJ\HIILFLHQF\HQHUJ\PDQDJHPHQWDQGUHQHZDEOHHQHUJ\LQUHGXFLQJ
WKHVHULVNVLQFUHDVHV7RFRQWURODQGUHGXFHHQHUJ\FRQVXPSWLRQLQDVXVWDLQDEOHDQGFRVWHIIHFWLYHZD\DYDULHW\RI
HQHUJ\PDQDJHPHQWV\VWHPVDQGDYDULHW\RILQWHUQDWLRQDOVWDQGDUGVKDYHEHHQGHYHORSHG2QHRIWKHVHVWDQGDUGVLV
(1,62³(QHUJ\PDQDJHPHQWV\VWHPV±5HTXLUHPHQWVZLWKJXLGDQFHIRUXVH,62´>@2Q
WKHEDVLVRIWKLVVWDQGDUGJXLGHOLQHVKDYHEHHQGHYHORSHGIRUHQHUJ\PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQLQ/DWYLDQ
PXQLFLSDOLWLHV7KHDLPRIWKLVVWDQGDUGLVWRHQDEOHRUJDQL]DWLRQVWRHVWDEOLVKDV\VWHPLQDVWUXFWXUHGPDQQHUDQGZLWK
FRQWLQXRXVDFWLYLWLHVWRSURPRWHLPSURYHPHQWVLQHQHUJ\HIILFLHQF\
,W LVQHFHVVDU\WRGHYHORSJXLGHOLQHVIRUWKHLPSOHPHQWDWLRQRIHQHUJ\PDQDJHPHQWV\VWHPLQPXQLFLSDOLWLHVWR
IDFLOLWDWH HQHUJ\PDQDJHPHQW V\VWHP LPSOHPHQWDWLRQ2QHPXVW DQDO\]H DQG WDNH DV DQ H[DPSOH RWKHU FRXQWULHV

H[SHULHQFHLQWKHLPSOHPHQWDWLRQRIHQHUJ\PDQDJHPHQWV\VWHPV7RLGHQWLI\SRWHQWLDOHQHUJ\VDYLQJVIURPHQHUJ\
PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQLQPXQLFLSDOLWLHVLWLVQHFHVVDU\WRDQDO\]HHQHUJ\FRQVXPSWLRQRIPXQLFLSDOLWLHV
LQGLIIHUHQW/DWYLDQFLWLHVDQGUHJLRQDOJRYHUQPHQWVZKLFKKDYHGHYHORSHGDVXVWDLQDEOHHQHUJ\DFWLRQSODQ,W LV
GHVLUDEOHWRGHYHORSDVLQJOHHQHUJ\PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQSURFHGXUHLQDPXQLFLSDOLW\EDVHGRQWKH
UHJLRQDOJRYHUQPHQWVWUXFWXUHDQGHQHUJ\FRQVXPSWLRQGDWD ,W LVDOVRQHFHVVDU\ WRGHYHORSSROLF\ LQVWUXPHQWV WR
VWLPXODWHWKHLPSOHPHQWDWLRQRIHQHUJ\PDQDJHPHQWV\VWHPVLQ/DWYLDQFLWLHVDQGUHJLRQDOJRYHUQPHQWVDQGSURPRWH
DQXQGHUVWDQGLQJRIHQHUJ\PDQDJHPHQWV\VWHPVWRVKRZJRRGH[DPSOHVDQGSRVLWLYHLPSDFWRIWKHLPSOHPHQWDWLRQ
RIWKLVV\VWHP>@
2QHVKRXOGSD\DWWHQWLRQWRVHYHUDOLVVXHVDIIHFWLQJWKHHQHUJ\PDQDJHPHQWV\VWHP)RUH[DPSOHKRZLQDVLPSOH
DQGHIIHFWLYHZD\WKHQDWLRQDOJRYHUQPHQWFDQJHWUHJLRQDOHQHUJ\FRQVXPSWLRQDQGVDYLQJVGDWDLQRUGHUWRLQFOXGH
LW LQ WKH RYHUDOO QDWLRQDO HQHUJ\ HIILFLHQF\ WDUJHW7KHJRYHUQPHQW DW WKH QDWLRQDO OHYHO LV UHTXLUHG WR HVWDEOLVK D
VXVWDLQDEOHPHFKDQLVPWRVWLPXODWHHQHUJ\PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQLQPXQLFLSDOLWLHVDQGWRIXUWKHUVKDUH
WKHLUH[SHULHQFHVZLWKRWKHUPXQLFLSDOLWLHV
(QHUJ\PDQDJHPHQWV\VWHP
$Q HQHUJ\PDQDJHPHQW V\VWHP LV D VHW RI LQWHUUHODWHG RU LQWHUDFWLQJ HOHPHQWV RI D SODQZKLFK VHWV DQ HQHUJ\
HIILFLHQF\REMHFWLYHDQGDVWUDWHJ\WRDFKLHYHWKDWREMHFWLYH>@7KHUHDUHWKUHHDUHDVLQHQHUJ\PDQDJHPHQWLQZKLFK
LPSURYHPHQWVDUHPDGHSHRSOHWHFKQRORJ\DQGUHVXOWVHYDOXDWLRQ7KHLPSOHPHQWDWLRQRIWKHHQHUJ\PDQDJHPHQW
V\VWHP LVFKDQJLQJSHRSOH
VEHKDYLRXUDQGFXOWXUH WUDLQLQJ WKHPDQGVHWWLQJ UHVSRQVLELOLWLHV ,Q LPSOHPHQWDWLRQRI
HQHUJ\PDQDJHPHQWV\VWHPWKHEHVWDYDLODEOHHQHUJ\HIILFLHQWWHFKQRORJLHVDUHVHOHFWHGZLWKHFRGHVLJQDQGHQVXUH
LWV FRUUHFW RSHUDWLRQ DQGPDLQWHQDQFH (QHUJ\PDQDJHPHQW LPSOHPHQWDWLRQ OHDGV WR SHUIRUPDQFH DVVHVVPHQWZLWK
VWDWLVWLFV DQG GDWD DQDO\VLV 7KHVH SURFHVVHV DUH FKDUDFWHUL]HG E\ WKH SULQFLSOH RI ³SODQ GR FKHFN DFW´ (QHUJ\
PDQDJHPHQWDLPVWRUHGXFHHQHUJ\FRQVXPSWLRQDQGWRGRWKLVLWLVQHFHVVDU\WRWDNHPHDVXUHVZKLFKVKRXOGEHSODQQHG
DW WKH VWDUW DQG WKHQ LPSOHPHQWHG +RZHYHU SULRU WR WKH LPSOHPHQWDWLRQ RI PHDVXUHV DQG GUDIWLQJ RI D SODQ
UHVSRQVLELOLWLHVVKRXOGEHVHWIRUWKRVHZKRZLOOFDUU\RXWWKHVHDFWLYLWLHVDQGWKHSODQLVWREHGHYHORSHGIURPZKLFK
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VXFKSHUVRQVFDQVHHNJXLGDQFH,WLVDOVRQHFHVVDU\WRGHWHUPLQHZKRZLOOSHUIRUPWKHPRQLWRULQJDQGDQDO\]HZKHWKHU
WKHLPSOHPHQWDWLRQRIPHDVXUHVOHDGVWRHQHUJ\FRQVXPSWLRQWDUJHW>@
2.1. Data 
'DWDIURPPXQLFLSDOLW\VXVWDLQDEOHHQHUJ\DFWLRQSODQVZDVFROOHFWHGLQRUGHUWRPDNHWKHUHJUHVVLRQDQDO\VLV,Q
WKRVHPXQLFLSDOLWLHVLQZKLFKLPSOHPHQWDWLRQRIHQHUJ\PDQDJHPHQWV\VWHPVLVSODQQHGEXWWKHUHLVQRHQHUJ\
FRQVXPSWLRQGDWDDYDLODEOHLWLVQHFHVVDU\WRPDNHDVVXPSWLRQVRQWKHEDVLVRIZKLFKWRFDOFXODWHWKHWRWDODPRXQW
RIHQHUJ\VDYLQJVLQWKHVHPXQLFLSDOLWLHV:LWKUHJUHVVLRQDQDO\VLVWKHPRVWFUHGLEOHLQGLFDWRUVHOHFWHGZDV
PXQLFLSDOLW\HQHUJ\FRQVXPSWLRQLQUHODWLRQWRWKHSRSXODWLRQRIWKHFLW\RUUHJLRQ0XQLFLSDOLW\HQHUJ\
FRQVXPSWLRQLQUHODWLRQWRRWKHULQGLFDWRUVVKRZHGDZHDNRUPRGHUDWHFRUUHODWLRQ7KHFRUUHODWLRQEHWZHHQ
PXQLFLSDOEXLOGLQJVKHDWFRQVXPSWLRQDQGSRSXODWLRQLQWKHFLW\RUUHJLRQLVVKRZHGLQ)LJ


)LJ+HDWFRQVXPSWLRQLQPXQLFLSDOEXLOGLQJVGHSHQGLQJRQWKHPXQLFLSDOLW\
VSRSXODWLRQ
,Q)LJLWFDQEHVHHQWKDWWKHFRHIILFLHQWRIGHWHUPLQDWLRQ5ZKLFKVKRZVZKDWWKHFRUUHODWLRQLVEHWZHHQKHDW
FRQVXPSWLRQDQGWKHPXQLFLSDOLW\CVSRSXODWLRQLVJUHDWHUWKDQZKLFKPHDQVWKDWWKLVFRUUHODWLRQLVYHU\FORVH
7KH FRUUHODWLRQ EHWZHHQPXQLFLSDO HOHFWULFLW\ FRQVXPSWLRQ DQG SRSXODWLRQ LV VKRZHG LQ )LJ  DQG LQ WKLV FDVH
FRHIILFLHQWRIGHWHUPLQDWLRQLVJUHDWHUWKDQ


)LJ(OHFWULFLW\FRQVXPSWLRQLQPXQLFLSDOEXLOGLQJVGHSHQGLQJRQWKHPXQLFLSDOLW\
VSRSXODWLRQ

%\DVVHVVLQJWKHDYDLODEOH/DWYLDQFLW\DQGFRXQW\PXQLFLSDOKHDWDQGSRZHUFRQVXPSWLRQZKLFKFDQEHIRXQGLQ
WKHVXVWDLQDEOHHQHUJ\DFWLRQSODQVWKHDYHUDJHKHDWFRQVXPSWLRQLQPXQLFLSDOEXLOGLQJVDJDLQVWWRDPXQLFLSDOLW\
V
SRSXODWLRQLVFDOFXODWHGDVN:K)RUHOHFWULFLW\FRQVXPHGE\PXQLFLSDOEXLOGLQJVDQGSXEOLFOLJKWLQJWKHLQGLFDWRU
LV  N:K WR WKH PXQLFLSDOLW\
V SRSXODWLRQ ,I LW LV DVVXPHG WKDW WKH HQHUJ\ V\VWHP LQ WKH ILUVW \HDU DIWHU LWV
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LPSOHPHQWDWLRQ JLYHV  HQHUJ\ VDYLQJV WKHQ WKH DYHUDJH KHDW VDYLQJV ZRXOG EH  N:K DQG WKH DYHUDJH
HOHFWULFLW\VDYLQJVZRXOGEHN:K
,QRUGHU IRU WKH LQGLFDWRU LW LVQHFHVVDU\ WRREWDLQ WKHHQHUJ\FRQVXPSWLRQGDWD IRU DVPDQ\PXQLFLSDOLWLHV DV
SRVVLEOH2QHRIWKHFDXVHVRIGLIIHUHQFHVLQKHDWFRQVXPSWLRQLVDPXQLFLSDOEXLOGLQJLQVXODWLRQWKDWLQFOXGHVERWK
QXPEHURILQVXODWHGPXQLFLSDOEXLOGLQJVDQGWKH\HDUZKHQLQVXODWLRQLVFRPSOHWHG/HYHOVRIHOHFWULFLW\FRQVXPSWLRQ
GLIIHU DPRQJPXQLFLSDOLWLHV DV D UHVXOWRIYDU\LQJHIILFLHQF\PHDVXUHV LPSOHPHQWHGDQGGXH WRKRZPXFKRI WKH
HOHFWULFLW\LVXVHGIRUKHDWLQJDQGKRWZDWHUKHDWLQJ
2.2. Guidelines 
7KHJXLGHOLQHVDUHGHVLJQHG IRUPXQLFLSDOLWLHV LQRUGHU WR IDFLOLWDWH WKHSURFHVVRI HQHUJ\PDQDJHPHQW V\VWHP
LPSOHPHQWDWLRQ 6LQFHPXQLFLSDOLWLHV FDQ FKRRVHZKHWKHU WKH\ LQYROYH D FRQVXOWDQW LQ WKH SURFHVV RI IRU HQHUJ\
PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQRUGRLWWKHPVHOYHVLWLVQHFHVVDU\WRSURYLGHPXQLFLSDOLWLHVZLWKPRUHGHWDLOHG
LQIRUPDWLRQRQHQHUJ\PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQ
$WILUVWLWLVQHFHVVDU\WRFRQILUPSURFHGXUHIRUHQHUJ\PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQLQDPXQLFLSDOLW\7KH
PXQLFLSDOLW\PXVWFUHDWHDQHQHUJ\PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQZRUNLQJJURXSZKLFKLVLQFOXGHGLQWRWKH
PXQLFLSDOLW\PDQDJHPHQWV\VWHPVSHFLI\WKHUHVSRQVLELOLWLHVRIWKHZRUNLQJJURXSDQGGHWHUPLQHWKHERXQGDULHVDQG
VFRSHRIWKHV\VWHP7KHZRUNLQJJURXSVKRXOGLQFOXGHPXQLFLSDOHPSOR\HHVZKRDUHLQFKDUJHRIWKHGHYHORSPHQW
RIWKHV\VWHPLPSOHPHQWDWLRQRIHQHUJ\HIILFLHQF\PHDVXUHVDQGPRQLWRULQJRIWKHUHVXOWVDFKLHYHG>@
7KHHQHUJ\PDQDJHPHQWV\VWHPLQDPXQLFLSDOLW\VKDOOFRYHUPXQLFLSDODXWKRULWLHVORFDOWUDQVSRUWSXEOLFOLJKWLQJ
SXEOLFSURFXUHPHQWHWFDQGLWLVSRVVLEOHWKDWLWDOVRFRYHUVFDSLWDOFRPSDQLHVLQZKLFKWKHPXQLFLSDOLW\KROGVVKDUHV
'HVFULEH WKH HQHUJ\ FRQVXPSWLRQGDWD IORZ IRU HQHUJ\PDQDJHPHQW V\VWHP LPSOHPHQWDWLRQ LQ WKHRUJDQL]DWLRQDO
VWUXFWXUH6HWVKRUWWHUPDQGORQJWHUPHQHUJ\VDYLQJVWDUJHWVFDQDOVREHWKHVKDUHRIUHQHZDEOHHQHUJ\DQG&2
UHGXFWLRQWDUJHWV6SHFLI\LIRWKHUPXQLFLSDOSODQQLQJGRFXPHQWVUHIHUWRHQHUJ\VDYLQJVRUHQHUJ\HIILFLHQF\DVD
SULRULW\,GHQWLI\EDUULHUVIRUWKHHQHUJ\PDQDJHPHQWV\VWHP$VVHVVWKHQHFHVVDU\UHVRXUFHVQHHGHGWRLPSOHPHQW
DQGPDLQWDLQWKHV\VWHP&UHDWHDIUDPHZRUNIRUHQHUJ\PDQDJHPHQWILQDQFLQJDQGFRQWUDFWLQJ>@
7KHHQHUJ\SODQQLQJVHFWLRQVKDOOFRQWDLQWKHIROORZLQJNH\SRLQWV

x ,GHQWLILFDWLRQRIPDMRUHQHUJ\FRQVXPHUV
x ,GHQWLILFDWLRQRINH\LQGLYLGXDOV
x ,QGLFDWRUGHWHUPLQDWLRQWRIROORZWKHWUDMHFWRU\RIHQHUJ\HIILFLHQF\LPSURYHPHQW
x 6HWFULWLFDORSHUDWLRQDOSDUDPHWHUV
x 6HWREMHFWLYHVDQGWDUJHWV
x &UHDWHHQHUJ\DFWLRQSODQ
x 6HOHFWWKHPHWKRGRIGDWDDQGRXWFRPHV
x &UHDWHWUDLQLQJSODQ
x &DOFXODWHH[SHFWHGHQHUJ\FRQVXPSWLRQLQWKHQH[WSHULRG>@

,GHQWLILFDWLRQRIWKHPDMRUHQHUJ\FRQVXPHUVLQFOXGH

x +RZPXFKDQGZKDWW\SHRIHQHUJ\LVXVHGLQWKHPXQLFLSDOLW\
x :KHUHWKLVHQHUJ\LVVSHQW
x :KDWDUHWKHPRVWLPSRUWDQWFRQVXPHUVRIHQHUJ\ZKDWIRUPVRIHQHUJ\WKH\XVHDQGZKDWDIIHFWVWKHLUXVH
x :KHWKHULWLVQHFHVVDU\WRFDUU\RXWDQHQHUJ\DXGLW>@

1H[WHQHUJ\FRQVXPSWLRQRSWLPL]DWLRQDQGWKHHVWDEOLVKPHQWRIDQHQHUJ\FRQVXPSWLRQEDVHOLQHVFHQDULRPXVWEH
FDUULHGRXW6HWKLJKPHGLXPDQGORZSULRULW\PHDVXUHVDQGLGHQWLI\QHFHVVDU\IXQGLQJIRUWKHVHPHDVXUHV,GHQWLI\
DQ\PHDVXUHVWKDWGRQRWUHTXLUHILQDQFLDOFRQWULEXWLRQVDQGLIWKH\DUHZLWKKLJKSULRULW\FDUU\WKHPRXWDVWKHILUVW
7DEOHVKRZVKLJKPHGLXPDQGORZSULRULW\PHDVXUHVWREHWDNHQDQGWKHQHFHVVDU\IXQGLQJ
 
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7DEOH(QHUJ\PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQPHDVXUHV
0HDVXUH 3ULRULW\ ,PSOHPHQWDWLRQSHULRG 5HTXLUHGILQDQFLQJHXUR
2UJDQL]DWLRQDOFKDQJHV +LJK PRQWK 
6WDIIWUDLQLQJ +LJK PRQWKV 
(QHUJ\VXSSOLHUUHYLHZ /RZ PRQWK 
3XEOLFLQIRUPDWLRQ 0HGLXP &RQWLQXRXVO\ \HDU
,QGLYLGXDOKHDWPHWHULQVWDOODWLRQ +LJK PRQWK 

5HFRUGGDWDLQWKHIRUPRIWDEOHVDQGGLVSOD\WKHPJUDSKLFDOO\,PSOHPHQWPHDVXUHVDQGFKHFNUHVXOWV5HVXOWVDUH
VXPPDUL]HG LQPDQDJHPHQWUHYLHZDQGSUHVHQWHG LQDQQXDORU LQPRUHIUHTXHQWPHHWLQJV ,QIRUPWKHUHVSRQVLEOH
0LQLVWU\DERXWWKHWRWDOHQHUJ\FRQVXPSWLRQDQGWKHHQHUJ\VDYLQJVVRWKHVHVDYLQJVDUHLQFOXGHGLQWKHQDWLRQDOOHYHO
HQHUJ\HIILFLHQF\WDUJHW>@
&RQFOXVLRQ
,PSOHPHQWDWLRQRIDQHQHUJ\PDQDJHPHQWV\VWHPLVDQDSSURSULDWHVROXWLRQWRHQVXUHHQHUJ\VDYLQJV,QRUGHUWR
VXFFHVVIXOO\ LPSOHPHQW DQ HQHUJ\PDQDJHPHQW V\VWHP LQ DPXQLFLSDOLW\ LW LV QHFHVVDU\ WR UHFHLYH VXSSRUW IURP
PXQLFLSDODXWKRULWLHVLQYROYHVWDIIIURPGLIIHUHQWGHSDUWPHQWVWKHDGPLQLVWUDWLRQSURFHVVPXVWEHPLQLPL]HGDQGLW
LVQHFHVVDU\IRUUHJXODUPHHWLQJVDQGDQLQIRUPDWLRQFDPSDLJQ
$ FUHGLEOH LQGLFDWRU ZDV REWDLQHG E\ ZKLFK LW LV SRVVLEOH WR LGHQWLI\ SRWHQWLDO HQHUJ\ VDYLQJV IURP HQHUJ\
PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQWRPXQLFLSDOLWLHVWKDWGRQRWKDYHVXVWDLQDEOHHQHUJ\DFWLRQSODQVGHYHORSHGDQG
WKDWGRQRWNQRZWKHLUHQHUJ\FRQVXPSWLRQ$QHQHUJ\PDQDJHPHQWV\VWHPLPSOHPHQWDWLRQSURFHGXUHLVGHYHORSHG
EDVHGRQWKHGDWDDQGVWUXFWXUHRIWKHPXQLFLSDOLW\RIWKHFLW\RI'DXJDYSLOV
%DVHGXSRQWKHDQDO\]HGLQIRUPDWLRQDQGGDWDJXLGHOLQHVIRU(Q06LQPXQLFLSDOLWLHVWRIDFLOLWDWHLPSOHPHQWDWLRQ
RIWKHV\VWHPZHUHGHYHORSHG$OVRSROLWLFDOLQVWUXPHQWWKDWREOLJHVODUJHVWFLWLHVDQGUHJLRQDOPXQLFLSDOLWLHVWR
LPSOHPHQWDQGFHUWLI\DQHQHUJ\PDQDJHPHQWV\VWHPDFFRUGLQJWRWKH,62VWDQGDUGZHUHRIIHUHG7KLVZLOO
HQFRXUDJHRWKHUPXQLFLSDOLWLHVWRLQWURGXFHHQHUJ\PDQDJHPHQWV\VWHPV
)XUWKHUZRUNPXVWEHGRQHRQGHYHORSLQJDVLPSOHDQGHIIHFWLYHV\VWHPRQKRZWKHQDWLRQDOJRYHUQPHQWFDQJHW
HQHUJ\ FRQVXPSWLRQ DQG VDYLQJV GDWD IURP PXQLFLSDOLWLHV VR WKH\ FDQ EH LQFOXGHG LQ WKH WRWDO QDWLRQDO HQHUJ\
HIILFLHQF\WDUJHW0XQLFLSDOLWLHVZKLFKLQWURGXFHRUKDYHLQWURGXFHGHQHUJ\PDQDJHPHQWV\VWHPVVKRXOGHQJDJHLQ
WKHH[FKDQJHRIH[SHULHQFHZLWKPXQLFLSDOLWLHVZKHUHWKHLQWURGXFWLRQRIHQHUJ\PDQDJHPHQWV\VWHPLVVWLOOEHLQJ
SODQQHG1DWLRQDO DXWKRULWLHV DUH UHTXLUHG WR HVWDEOLVK D VXVWDLQDEOHPHFKDQLVP WR VWLPXODWH HQHUJ\PDQDJHPHQW
V\VWHP LQPXQLFLSDOLWLHV *RYHUQLQJ DXWKRULWLHVPXVW HQKDQFH FRPSHWLWLRQ DPRQJ DFFUHGLWHG LQVWLWXWLRQV WKDW DUH
DXWKRUL]HGWRFHUWLI\WKHLPSOHPHQWDWLRQRIWKHHQHUJ\PDQDJHPHQWV\VWHPDFFRUGLQJWRWKH,62VWDQGDUG
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